The fatty acid composition of wheat seedling roots changed in response to temperature. As temperature declined, the level of linolenic acid increased and the level of linoleic acid decreased. The distribution of phospholipid classes was not influenced by temperature. Phosphatidyl choline and phosphatidyl ethanolamine were the predominant phospholipids isolated and comprised 85% of the total lipid phosphorus. Smaller quantities of phosphatidyl glycerol, phosphatidyl inositol, phosphatidic acid, and phosphatidyl serine were isolated. The fatty acid composition of phosphatidyl choline and phosphatidyl ethanolamine were the same and temperature affected the fatty acid composition of both phospholipids in the same manner.
Growth in the presence of the substituted pyridazinone, BASF 13 338 (4-chloro-5-dimethylamino-2-phenyl-3(2H)pyridazinone), reduced the level of linolenic acid and increased the level of linoleic acid in the phosphatidyl choline, phosphatidyl ethanolamine, and total polar lipid fractions. BASF 13 338 did not affect the levels of palmitate, stearate, and oleate or the distribution of phospholipid classes.
Respiration rates of wheat root tips were measured over a range of temperatures. The respiration rate declined as the temperature decreased. Neither the temperature at which the tissue was grown nor BASF 13 338 treatment influenced the ability of root tips to respire at any temperature from 4 to 30 C. The results indicated that the relative proportion of linolenic acid to linoleic acid did not influence the plants ability to grow and respire over the range of temperatures tested.
As the temperature declines in the fall of the year, winter wheat undergoes physiological changes which lead to increased freezing resistance. Considerable research has focused on changes in membrane lipid composition during temperature acclimation. When wheat plants are exposed to cold temperatures, the level of linolenic acid increases and the level of linoleic acid decreases (4, 9, 27) . Fatty acid unsaturation increases to the same extent in cultivars varying widely in resistance to freezing (6, 27) .
Recent studies demonstrated that the substituted pyridazinone BASF 13 338 simultaneously inhibits the accumulation of linolenic acid and the acquisition of winter hardiness (22, 23, 26 (11) . The extracted lipids were purified, and analyzed by GC as previously described (22) .
Mitochondria were isolated for fatty acid analysis by grinding wheat roots in isolation buffer using a mortar and pestle. All isolation procedures were performed between 0 and 5 C. The isolation buffer contained 0.5 M mannitol, 10 mm Tes buffer, 1 mM EDTA, 0.5% cysteine-HCl (w/v), and 0.05% BSA (w/v) (pH 7.5). After grinding, the sample was filtered through nylon cloth and the filtrate centrifuged at 2500g for 15 min. Subsequently, the pellet was discarded and the supernate was centrifuged at 12,000g for 15 min. The supernate was then discarded and the pellet resuspended in 10 mm Tes buffer containing 0.5 M mannitol (pH 7.5) and centrifuged again at 12,000g for 15 min. The supernate was discarded and the pellet was extracted with chloroform:methanol (2:1, v/v) (I 1). Subsequent lipid purification and chromatography were performed as described previously.
Phospholipid Extraction and Purification. Five g of wheat seedling roots were harvested for phospholipid extraction. The roots were enclosed in an aluminum foil envelope and placed at 100 C for 15 min to inactivate phospholipases (20 
RESULTS AND DISCUSSION
The phospholipids of wheat roots were separated into five fractions using high performance liquid chromatography. PC3 and PE were the predominant phospholipids isolated and accounted for one-half and one-third of the total lipid phosphorus, respectively (Table I ). Smaller quantities of PG, PI, PA, and PS were isolated. The phospholipid composition of wheat roots did not change in response to temperature. The total quantities and the distribution of the phospholipid classes were the same in seedlings grown at a range of temperatures from 10 to 25 C (Table I) . Earlier work by de la Roche and co-workers (5) supports these observations. They determined that the phospholipid compositions of wheat seedlings during germination at warm (24 C) and cold (2 C) temperatures were nearly equivalent. However, a slight increase in PA and a slight decline in PC during germination at 2 C was observed. Willemot (25) The phospholipid composition of some plant species is reported to be affected by temperature. When rye (Secale cereale L.) seedlings were exposed to cold temperatures (4 C), the relative levels of PC and PI decreased and the proportion of PA increased (24) . Kuiper (13) observed that the levels of PG, PI, and sulfolipid in alfalfa (Medicago sativa L.) leaves decreased and the levels of monogalactosyl diglyceride, digalactosyl diglyceride, PC, and PE increased when plants were exposed to low temperatures. Dogras and co-workers (8) (14) . Changes in the distribution of phospholipid classes may be an adaptive feature which utilizes the different physical properties ofthe phospholipid classes in order to maintain proper membrane ordering over a range of temperatures. If this were the case, uniform trends among plant species as to which phospholipids predominant at low temperatures might be expected. The differences observed may result from differences among species, types of tissues studied, or the method of extraction.
PC, PE, and the total polar lipid fraction of wheat roots had the same fatty acid composition. At low temperatures the level of MEMBRANE CHANGES IN WHEAT linolenic acid increased and the level of linoleic acid decreased to the same degree in all three fractions (Tables II, III, IV) . The levels of palmitic, stearic, and oleic acids were not affected by temperature and remained at 23, 1, and 4%, respectively. The increase in the linolenic acid content of wheat roots was neither the result of changes in the level of polar lipid classes differing in (13) . In eastern white pine (Pinus strobus L.) the increase in linolenic acid levels in the chloroplast lamellae during winter hardening appeared to result from the preferential loss of glycerolipids containing predominantly saturated and monounsaturated fatty acids (7). Treatment of wheat seedlings with the substituted pyridazinone, BASF 13 338, reduced the level of linolenic acid and increased the level of linoleic acid (Table II) . BASF 13 338 treatment did not affect the levels of palmitic, stearic, and oleic acids (Table II) . This effect was first observed by St. John (21) and subsequently confirmed by others (3, 22, 23, 26) . BASF 13 338 reduced the level of linolenic acid in mono-and digalactosyl diglycerides (21) , in the polar lipid fraction (3, 22, 23) and in the total lipid fraction (3, 26) . In our study BASF 13 338 was equally effective in reducing the linolenic acid levels in PC, PE, and the total polar lipid fraction (Table II, III, IV) , but did not alter the distribution of phospholipid classes (Table I) . Possibly, the fatty acids of these lipids originate in the same pool and BASF 13 338 inhibits the desaturation of linoleic acid.
The observation that numerous plant species increase the degree of fatty acid unsaturation in response to reduced temperatures has led to speculation that this is an adaptive mechanism which facilitates functioning at cold temperatures. However, we found that an increase in the linolenic acid content of wheat roots in response to low temperature was not required for the continued normal growth and development of wheat at the temperatures tested. Treatment with BASF 13 338 inhibited the accumulation of linolenic acid which accompanies exposure to low growth temperatures. However, BASF 13 338 did not affect the germination and growth rate of wheat seedlings at 10, 15, 20, and 25 C (Fig. 1) . de la Roche (3) also has reported that BASF 13 338 had no effect on the germination and growth of wheat seedlings at 2 C. Respiration studies demonstrated that the relative proportions of linoleic and linolenic acids did not influence the ability of wheat roots to respire over a range of temperatures. Roots from plants grown at 25 and 10 C had markedly different levels of linolenic acid (Table II) (Table V) . Likewise, treatment with 100 [LM BASF 13 338 inhibited the accumulation of linolenic acids in roots (Table II) and root mitochondria but did not affect the rate of 02 consumption over the range of temperatures tested (Table V) . It seems that the accumulation of linolenic acid when wheat is exposed to cold temperatures is not a prerequisite for continued normal respiration at the temperatures tested.
When the respiration rate of wheat root tips at various temperatures was presented as an Arrhenius plot, the data did not yield a straight line. Instead, an increase in the activation energy below 19 C was observed (Fig. 2) . Changes in activation energy have been correlated with membrane phase transitions (15, 16) , and it has been suggested that the temperature at which these transitions occur is influenced by the degree of membrane lipid unsaturation. In our studies, both seedling growth temperature and BASF 13 338 treatment altered the level of linolenic acid, yet neither treatment affected the activation energies of respiration nor the temperature at which the change in activation energy occurred. and 24 C. Changes in the activation energy of respiration were observed at 6 to 10 C in shoot segments and 10 to 14 C for isolated mitochondria. Neither the temperature at which the plants were grown nor the hardiness of the cultivars examined affected the temperature at which the transition occurred. They concluded that fatty acid unsaturation did not influence the temperature at which membrane phase transitions occur. Miller and co-workers (17) used electron spin resonance spectroscopy to measure the physical properties of wheat mitochondrial membranes. They detected three temperatures (6-10 C, 20-24 C, and 38-40 C) at which changes in membrane lipid ordering occurred and found that the transition temperatures for mitochondrial membranes isolated from cold-hardened wheat were I to 4 C lower than those observed in controls. In contrast, Raison and co-workers (19) measured the oxidation of succinate and a-ketoglutarate by wheat mitochondria and observed no change in activation energies from 2 to 28 C. They also used electron spin resonance spectroscopy and observed changes in membrane lipid ordering at 0 and 30 C. They did not compare warm and cold acclimated tissues, so the influence of lipid unsaturation could not be addressed. No explanation for the range of transition temperatures observed in these studies is available.
Based on the results of the present study and on those of Pomeroy and Andrews (18), we concluded that the increase in linolenic acid and decrease in linoleic acid in wheat in response to low temperature did not affect the rate of respiration from 4 to 30 C, the activation energies of respiration, or the temperature at which the change in activation energy occurs. This did not eliminate the possibility that the increase in linolenic acid in response to cold temperature was an adaptive mechanism which facilitated survival. Changes in fatty acid composition may influence other membrane-associated processes such as active transport, water and ion permeability, and membrane resilience. .~~~~~7
